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ABSTRACT 
SPATIAL ECOLOGY OF EASTERN COYOTES (Canis latrans) IN THE 
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Historically, coyotes were associated with the western United States. During their 
expansion eastward, coyotes have become more tolerant of humans and have been able to 
live in varying degrees of urbanization. One main question ecologists around the country 
are asking is how coyotes are surviving in anthropogenic environments. To aid in 
answering this question, I have compared coyote land use preference generally and 
specifically during coyote breeding season, winter and summer, human tourist seasons, 
and day and night. I also compared coyote land cover preference for deciduous and 
evergreen cover types during natural seasons. I found that, in general, there was a high 
variation of preference between and within land use categories. More broadly however, 
they prefer natural areas over non-natural areas. They used natural and non-natural land 
use types equally in winter and summer, and during tourist and off-tourist seasons with 
increased variation in preference during seasons with higher human activity. They had a 
higher preference for non-natural land use types at night. There is no difference in coyote 
preference for deciduous or evergreen cover types during the seasons.  
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CHAPTER 1 
 
INTRODUCTION 
Recent years have shown an increase in coyote (Canis latrans)/ human 
interactions and conflicts in urban areas all over the country.  Coyotes have become a 
concern to the public in many major cities including Los Angeles, Chicago, New York 
and Boston (Crooks and Soule 1999) while also raising interest in ecological and 
conservation issues (Gommper 2002, Gehrt,.S.D. and Prange, S. 2006, Morey et al. 
2006).   Coyotes are the first large carnivore to be able to tolerate anthropogenic 
environments with altered landscapes and fragmented habitats (Atwood et al. 2004).  
Little information is known about urban coyote behavior.  For this reason, the coyote is 
the subject of many current debates.  
Historically, coyotes were associated with the western United States (New 
Hampshire Fish and Wildlife 2008) and did not exist in the east. However, the extirpation 
of wolves all over the country in the 1940’s left coyotes with room to expand. Coyotes 
arrived to the east from the north and west in the 1940’s (New Hampshire Fish and 
Wildlife 2008) and made their way into western Massachusetts in the 1950’s 
(Massachusetts Division of Fisheries and Wildlife 2007).  With their expansion, coyotes 
have become tolerant of humans and have been able to live in varying degrees of 
urbanization.  These remarkable canines provide urban/suburban areas with many 
ecological benefits. Being the first large carnivore to be able to tolerate people, they have 
been able to reduce the densities of meso-predators, such as raccoons (Procyon lotor), 
skunks (Mephitis mephitis), opossum (Didelphis marsupalis), and feral cats (Felis catus) 
in competition for space and food (Crooks and Soule 1999, Faeth et al. 2005).  Rogers 
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and Caro (1998) and Crooks and Soule (1999) also found that meso-predators in urban 
areas are having an indirect impact on avian populations via predation. The presence of 
coyotes has not only reduced conflict between humans and meso-predators, but has 
reduced the amount of predation on urban birds (Rogers and Caro 1998 ,Crooks and 
Soule 1999).  Coyotes are also important natural predators that keep prey species in 
balance (Massachusetts Division of Fisheries and Wildlife 2007). They help maintain a 
dynamic and healthy ecosystem which is especially important in urban areas. They also 
have begun to prey on fawns and in some areas, adult white-tail deer slowed in deep 
snow, although this is not currently affecting deer populations (Beckoff 1978, 
Massachusetts Division of Fisheries and Wildlife 2007, New Hampshire Fish and 
Wildlife 2008, Vermont Fish and Wildlife 2008).   
Coyotes are a species that have never before inhabited urban areas and are now 
increasing in density and visibility (Foster et al. 2002).  Many members of the public 
enjoy observing coyotes and having opportunities for photography, hunting, and trapping 
(Massachusetts Division of Fisheries and Wildlife 2007).  But others are experiencing 
these increases in sightings within their towns, neighborhoods and near their homes and 
are concerned with the problems that coyotes may present to people. There are many 
different views, attitudes and perceptions that people have of coyotes based on their 
personal values, experiences, interests, and knowledge.  Eastern coyotes are generally 
larger than western coyotes (Vermont Fish and Wildlife 2007, Way 2007, New 
Hampshire Fish and Wildlife 2008) and are visually wolf-like. This visual connection to 
an over exploited children’s story villain may contribute to the fear people have in eastern 
coyotes.  In addition, local newspapers have begun to report residents claiming to have 
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lost a household pet to a coyote, a coyote that followed them down the street while they 
walked their dogs at night, and children being attacked by a coyote in their own backyard 
(The Boston Globe 2005, Star Ledger 2007a, 2007b) with little explanation as to why and 
how to prevent conflict.   
Other public concerns are based on perceptions.  People may think there are more 
coyotes than there actually are because they see them more frequently at different times 
of the day in different locations. However, coyotes can travel many miles in one day and 
routinely check the perimeter of their territories. It is possible that people may repeatedly 
be seeing the same coyote or family group of coyotes. People may also hear them yipping 
and may think that there are more than there are. However, two adults yipping along with 
their pups may sound like more than there actually are (Massachusetts Division of 
Fisheries and Wildlife 2007). There has also been an increase in automobile accidents 
with coyotes giving the perception that there are more coyotes around, but this is not a 
direct indication of an increase in population. A variety of external stimuli can cause 
changes in coyote behavior that lead to an increase in automobile accidents that are 
unrelated to population size.  However, we can educate people with facts to change their 
perceptions.  Values, however, are very difficult if not impossible to change. Values in 
addition to perceptions effect attitudes.  A child that was brought up hunting and taught to 
appreciate the value in the experience of hunting may have a positive attitude towards 
hunting coyotes, especially if he perceives coyotes to be abundant. A child that was 
brought up to believe that hunting is murder may have quite the opposite attitude no 
matter how abundant they are.  I use an extreme example to make the point that values 
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among people vary widely and belong to a foundation belief system that is nearly 
impossible to change (Muth, Robert M., pers. comm.).  
Biologists and researchers have a very important and difficult role in the 
management decision process.  They not only need to fully understand the biology, 
ecology and behavior of coyotes, but they also need to take into consideration the many 
different social concerns and priorities of stakeholders when making management 
decisions (Proulx and Barret 1991).  Even within the scientific community, biologists 
have different opinions on the reasons to manage coyote populations.  Wildlife biologists 
of Vermont Fish and Wildlife state that even though coyotes are an integral part of the 
ecosystem as a predator, they are also a ‘renewable natural resource’ and its utilization is 
appropriate as long as populations remain viable (Vermont Fish and Wildlife 2008). 
Coyotes can be hunted all year in Vermont and have a regulated trapping season from the 
end of Oct - Dec 31 each year. Their fur is currently a valuable renewable resource in 
Vermont (Vermont Fish and Wildlife).  New Hampshire currently has a year round open 
season for hunting and trapping coyotes. Trappers in New Hampshire have harvested an 
average of 379 coyotes per year over the last decade and this has not reduced New 
Hampshire’s coyote population (New Hampshire Fish and Wildlife 2008).  Proulx and 
Barret (1991) express a similar view about wildlife management and trapping.  They state 
six reasons why trapping is important; economic concerns, socio-cultural concerns, 
biological concerns, control predators or pests causing economic damages or having a 
major impact on other wildlife, conservation concerns, and research needs. Vermont Fish 
and Wildlife (2008) state that hunting and trapping reduces human/coyote conflict in 
Vermont, and that Massachusetts may have a higher frequency of conflicts due to its 
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limited hunting season.  However, Way (2007), a Cape Cod resident himself, who has 
been researching coyotes over the last decade, states that even though coyotes can survive 
unlimited hunting and trapping, ‘it’s not worth it considering the pain and suffering many 
go through during this process.”   
For all of the reasons listed above, a thorough investigation on coyote behavior in 
urban areas is needed not only to understand the ecological niche that coyotes fill, but 
also to provide the public and wildlife managers with knowledgeable information on how 
to reduce human/coyote conflict.  Understanding coyote behaviors in specific locations 
can aid managers in making educated management decisions and aid the public in 
becoming more aware and less afraid.   
Behavioral studies on coyotes in eastern Massachusetts have been conducted over 
the last decade (Way 2000, 2002, 2003, Way et al. 2002a, 2004).  Way et al. (2004) 
found that the coyotes residing in Barnstable County, Cape Cod, Massachusetts are active 
in the early mornings and evenings, but especially at night.  Way et al. (2004) 
documented that during nighttime hours, the coyotes appear comfortable in residential 
areas where they spend a majority of their time foraging. During the day, the coyotes 
rest/sleep in wooded/natural or remote altered areas, however, remaining within 50 
meters of a house (Way et al. 2004).  The Cape Cod coyotes recorded by Way et al. 
(2004) were observed traveling long distances through all habitats available within their 
respective home ranges. Most travel was observed on dirt roads, along powerlines and 
railroad tracks, and through golf courses.  Coyotes are opportunistic feeders primarily 
consuming rabbits, rodents, carrion, fawns, fruits, berries, birds, snakes, frogs, and insects 
(Massachusetts Division of Fisheries and Wildlife 2007).   
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Many behavioral patterns in these eastern coyotes have been documented that are 
similar to western coyote behaviors (Way et al. 2004).  However, urban areas are very 
diverse in their habitat demography which can affect intraspecific species behavior.  
Areas with a higher proportion of connectivity between patches, larger patch sizes and 
quantity of patches may support a healthier population of coyotes that rarely come into 
contact with humans. Urban areas with less connectivity between patches, smaller 
patches, and a lesser quantity of patches may support populations containing individuals 
that maintain higher stress levels due to lower prey availability, potentially resulting in an 
increased rate of coming into contact with humans.   
The collective works of Way et al. on Cape Cod coyotes have specifically been 
focusing on observed behaviors of coyotes in Barnstable County, Cape Cod, 
Massachusetts.  These studies have focused on the top layer of understanding urban 
coyote behavior in answering the questions, ‘What are they doing and how are they doing 
it?’ I continue to evaluate the ‘what’ and ‘how’ questions to create a thorough base 
knowledge for future researchers to answer the more evolutionarily significant question 
of ‘Why are they doing it?’ (Romseburg 1981 and Gavin 1991). In this study I identify 
home range size and land use composition. I compare coyote land use preference to 
identify variables that may explain coyote behavior in anthropogenic environments. 
Romesburg (1981) and Gavin(1991) stress the importance of answering ‘why’ 
questions to gain reliable knowledge.  Asking ‘why’ answers evolutionary questions 
required to effectively manage wildlife populations.  However, that does not mean that 
answers to ‘what’ and ‘how’ questions are unimportant. It means that research should not 
stop at answering just ‘what’ and ‘how’ because they do not completely explain 
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evolutionary relationships, which is required in order to completely understand behavior 
(Romseburg 1981, Gavin 1991). The reason I continue to address the more observational 
questions is to create a complete base knowledge on urban coyote behavior in Barnstable 
County, Massachusetts for future research expected to continue past this study.  
I first assessed general coyote land use preference by testing the following 
hypothesis. 
Ha:  Coyotes do not use all patch types equally in proportion to what is available. 
The following hypotheses are divided into three categories following an    
anthropogenic theme, human use theme, and habitat theme.  
Section I: Hypothesis based on an Anthropogenic Theme 
H1 : Coyotes use natural land use types more than non-natural land use types.  
H2:  Coyotes use natural areas for denning more often than non-natural areas. 
Section II: Hypothesis based on Human Use. 
H3: Coyotes use non-natural areas more often in winter than summer (due to  
      increased human use in summer). 
H4: Coyotes use non-natural areas more often during Off-Tourist Season than  
      during Tourist Season. 
H5: Coyotes use non-natural areas more often during the night than during the  
      day. 
Section III: Hypothesis based on a Habitat Theme 
H6: Coyotes use deciduous and evergreen cover equally during seasonal changes  
      in vegetation.  
H7: Coyotes use evergreen cover types more often during winter and spring. 
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CHAPTER 2 
 
STUDY SITE 
Traps were set in Barnstable County, Cape Cod, Massachusetts and coyotes were 
tracked in the towns of Barnstable, Brewster, Bourne, Chatham, Dennis, Eastham, 
Falmouth, Harwich, Mashpee, Orleans, Provincetown, Sandwich, Truro, Wellfleet, and 
Yarmouth within Barnstable County.  Barnstable County has a total area of 3,382 km² 
consisting of 1,024 km² of land and 2,357 km² of water (US Census Bureau 2000).  
Barnstable County is bordered on the north by Cape Cod Bay, to the east by the Atlantic 
Ocean and to the south by Nantucket Sound. It is the easternmost point of land in the 
Commonwealth of Massachusetts with over 885 km of shoreline and more than 360 lakes 
and ponds. Approximately 637 km² of land are home to over 205,000 year round 
residents, increasing with visitors to more than three times that number during the peak 
summer months (Barnstable County Commissioners Office 2000). 
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CHAPTER 3 
 
METHODS 
The following trapping, collaring, and tracking techniques were described by Way 
et al. (2007) in a proposal written to the Massachusetts Department of Fish and Game. 
The citation will be documented at the end of each section.  
Four box or cage traps were used as well as a ground-based netlauncher to 
capture coyotes. Coyotes were baited into the sites, captured, collared and released, 
which enabled researchers to monitor their movements using radio-telemetry (Way et al. 
2007).   
Box-trapping Techniques 
Trapping locations were chosen in areas of lower human activity (small wetlands, 
the backs of cemeteries, adjacent to railroad tracks and powerlines, conservation areas) 
based on reported coyote sightings or directly documented activity (i.e., tracks, scats, 
direct observations).  Traps (Tomahawk models 610A [121.9 cm  50.8 cm  66.0 cm], 
610B [152.4 cm  50.8 cm  66.0 cm], 610C [182.9 cm  50.8 cm  66.0 cm], and 
109 [106.7 cm  38.1 cm  38.1 cm]) were spaced relatively evenly throughout the 
study area.  Distance between trap sites was usually a minimum of 4–5 km in an attempt 
to capture different coyote social groups.  Generally, traps were baited for 2–3 months 
(conditioning period) and checked every 2–3 days until it was decided that they were 
ready to be deployed. Traps were deployed only when coyote activity was detected to 
lower the risk of capturing non-coyote wildlife. (Way et al. 2002b, 2007). 
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Net-launching Coyotes 
In addition to box-trapping, coyotes were also captured by a ground-based net-
launcher. This technique involved baiting coyotes to within range of where the tethered 
net would land upon being detonated.   When the coyotes entered within range, an 
observer in a parked, turned-off vehicle detonated the device designed to fire a 6x6 m net 
on a feeding animal.  Only animals feeding within the designated bait area were 
attempted for capture. Upon capture in the net, coyotes were sedated as described below 
(Way et al. 2007). 
Recapturing Coyotes 
Based on the length of time required to conduct a long term study, radio collars 
were administered on the coyotes that would last the length of their lives. This reduces 
the number of recapture attempts and limits the amount of stress induced on each animal 
and time, effort and cost spent for the researcher.  The goal was to avoid from having to 
recapture coyotes, however best efforts were made to recapture and replace a non-
functioning collar (Way et al. 2007). 
Handling/ Collaring Coyotes 
Upon capture, all coyotes were sedated to minimize the stress of being handled. 
This also reduced the amount of behavioral changes that may have occurred due to the 
impact of the event reducing error in the study. Each coyote was then given either an 
implant radio-transmitter (IMP/300/L, Telonics Inc., Mesa, AZ) or a radio-collar (MOD- 
335 and 400, Telonics Inc.) depending on the age and size of the animal.   
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Data Collection: Telemetry Techniques 
Portable receivers (Custom Electronics, Urbana, IL) and hand-held 3 element 
Yagi antennas were used to radio-track coyotes.  Using a vehicle, the animal’s signal was 
homed in on until its location was pinpointed by using the loudest-signal method.  Due to 
the urbanized environment and the associated high density of roads, confidence in the 
accuracy of radio fixes was given once a signal was obtained for a given coyote.  An 
assessment of telemetry error for this method with 30 test transmitters determined a mean 
error as 10 ± 3 m (SD) (90% of errors were ≤ 50 m).   
No systematic methodology was employed to locate coyotes over a 24-hour 
period because only 1 person typically tracked on a given day.  Rather, coyotes were 
opportunistically located 1-15 times over a 24-hr period.  Locations were taken between 
15 min and 8 hr apart and a complete tracking session took multiple locations during the 
course of a monitored night (i.e., when they were most likely to travel). Activity budgets 
ranged from 2 to 24 hours. Fixes were taken daily with some sessions consisting of 
multiple locations per day. (Way et al. 2007)  The time, date, researcher, coyote name, 
and observations were recorded with each location point. Way collected a total of 12,455 
data points on 32 coyotes on Cape Cod, Massachusetts between 1998 and early 2007.  
Data Analysis Techniques 
Way identified (X,Y) coyote locations by digitizing a point on a map to where the 
animal was radio-tracked using a georeferenced mapping program (Terrain Maptech, 
Maptech, Greenland, NH) in the Coordinate Reference System of Universal Transverse 
Mercator (UTM) NAD 1927.  All further mapping was completed using ArcInfo 9.2 
(ESRI, Redlands, Ca).  I have taken those UTM points and re-projected them into the 
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Massachusetts Stateplane Coordinate Reference System of Massachusetts Mainland FIPS 
NAD 1983 using NADCON for the Geographic Transformation. I then layered the 
coyote point locations over the 2005 Barnstable County land use layer downloaded from 
the Massachusetts Office of Geographic and Environmental Information (MassGIS 2009) 
to assess coyote movements in relation to land use. 
Since this study is limited to the coyotes in Barnstable County of Cape Cod, Ma, 
and evn though I have 12,455 data points, I consider each coyote as a sample in this study 
totaling n=32 samples. The 2005 Barnstable County land use layer consists of 40 
individual land use categories. I combined these 40 land use categories based on 
similarity down to 14 main categories including forest, non-forested wetland, open land,  
golf courses, cemeteries, very low, low and medium density residential, water, salt water 
wetland, waste disposal sites, commercial, urban public/institutional, and 
brushland/successional (Figure 1a). I also reclassified these 14 categories down to 5 
categories including forest, open land, water, residential and commercial and then down 
to 2 categories including natural and non-natural land use types.  The natural land use 
category includes forest, non-forested wetland, water, salt water wetland, and 
brushland/successional. The non-natural land use category includes open land, golf 
courses, cemeteries, very low, low, and medium residential, waste disposal sites, 
commercial, and urban public/institutional.  
I created 95% Minimum Convex Polygons (MCP) using Home Range Tools 
Extension for ArcGIS 9.x (BlueSky Telemetry Solutions) to determine each coyotes’ 
home range.  I clipped the 2005 Barnstable County land use layer with each of the coyote 
home range polygons and imported the 2005 land use symbology. This resulted in 32 
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land use polygon layers symbolizing the home range for each coyote. I dissolved the 
areas in the land use layer to learn the total area of each land use category within each 
home range.  I also clipped each coyote point layer with the 95% MCP to only include 
points that fell within the home range. This reduced the total number of points by 5% 
with 11,831 points remaining.  
 I then spatially joined the land use layer to each of the individual coyote point 
layers in order to determine in exactly which land use category each point fell. I then 
converted the land use polygon layer into a polyline layer and added a 13m buffer around 
each polyline feature. I then deleted all of the coyote points that fell within the 13m 
buffer of land use category being that the telemetry error had a mean error of 10 ± 3 m 
(SD)(Way et al. 2004). This reduced the error of assigning an incorrect land use type to a 
point. This removed approximately 32% of the points from the analysis leaving 7,946 
points for further analysis.  
This research was conducted on Cape Cod Massachusetts, but focused on a 
particular area within Barnstable County. To further identify the direct study area, I 
created a 100% MCP using all of the coyote points together, clipped the 2005 Barnstable 
County land use layer with this study area MCP and imported the 2005 land use 
symbology. This resulted in a polygon land use layer of the focused study area (Figure 
1b).  I dissolved the polygons within this land use layer as well to learn the total area of 
each land use category within the study area MCP (Figure 2).  
I used a land cover raster layer downloaded from USGS to test the hypothesis:  
H6: Coyotes use deciduous and evergreen cover equally during seasonal changes  
      in vegetation.  
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H7: Coyotes use evergreen cover types more often during winter and spring. 
This layer consists of 15 land cover categories. I did not reclassify this layer. The raster 
layer was originally projected in NAD83 Albers Equal Area Conic.  I converted the raster 
to a polygon (in order to later create the 13m buffer as I did with the land use layer), and 
reprojected the land cover polygon layer to NAD83 Massachusetts Mainland FIPS to 
match the point layers and the original 95% MCP polygon layers. Using the same 
procedure as listed for the land use layers, I clipped the land cover layer with each of the 
coyote home range polygons. This resulted in 32 land cover polygon layers 
encompassing the home range for each coyote. I dissolved the areas in the land cover 
layer to learn the total area of each land cover category within each home range.  I then 
spatially joined the land cover layer to each of the individual coyote point layers in order 
to determine exactly in which land cover category each point fell. I then converted the 
land cover polygon layer into a polyline layer and added a 13m buffer around each 
polyline feature. I then deleted all of the coyote points that fell within the 13m buffer of 
land cover category being that the telemetry error had a mean error of 10 ± 3 m 
(SD)(Way et al. 2004). This reduced the error of assigning an incorrect land cover type to 
a point. This removed approximately 41% of the points from the analysis leaving 6,991 
points for further analysis. I also clipped the USGS land cover layer with this study area 
MCP which resulted in a polygon land cover layer of the focused study area (Figure 3). I 
dissolved the polygons within the land cover layer as well to learn the total area of each 
land cover category within the study area MCP (Figure 4).  
Using Model Builder in the ArcToolbox 9.2 (ESRI, Redlands, Ca), I created 
several models to select out data from each coyote point layer and create a new point 
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layer from the selected features.  I selected data based on coyote denning season, natural 
seasons (spring, summer, fall and winter), human tourist season, and time of day (day vs 
night) in order to test the hypotheses.  I divided coyote behavior seasons into 4 categories 
including breeding, denning, pup-rearing and dispersing. The distribution of the data into 
these 4 coyote seasons is displayed in Figure 5.  I defined February as breeding season, 
March-May as coyote denning season, June-October as pup-rearing season and 
November-January as dispersal season. I divided natural seasons into 6 categories. I first 
divided the data into the 4 natural seasons. I defined December – February as winter, 
March- May as spring, June-August as summer, and September – November as fall. I 
then divided the year into two natural seasons. I defined October- April as winter and 
May-September as summer. The distribution of the data into these categories is shown in 
Figures 6 and 7.  I divided human tourist season into 2 categories of human vacationing 
behavior on Cape Cod: I defined October-May as non-tourist season and June-September 
as tourist season. The distribution of the data into these two seasons is displayed in Figure 
8.  Day was defined as 1 hour before sunrise to 1 hour after sunset. Night was defined as 
1 hour after sunset to 1 hour before sunrise. I used sunrise and sunset data for each day 
for each year available from the Astronomical Applications Department of the U.S. Naval 
Observatory (Washington, DC). Daylight savings dates for each year were accounted for 
and available from Time and Date AS (Stavanger, Norway). The distribution of the data 
into these two categories is displayed in Figure 9.  
John T. Finn and I then created a Python (Python Software Foundation, Hampton, 
NH) script to extract the number of points found within each land use category for each 
coyote and the area of each land use category and save them in a text file.  We also used a 
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land use Preference Index (Manly 1972) to calculate each coyotes’ preference for each 
land use and land cover category.  Manly (1972) developed the preference index to 
determine resource selection by animals. As urban areas expand, research studies are 
evaluating wildlife resource selection to determine the effects of man on wildlife. 
Preference (RPi) = (# observations found within a land use category / the total 
observations for the animal) / (the area of the land use category / the total area of the 
home range). In short, this is the % observations/ % area. If the result of this equation is 
greater than 1, then the land use category is preferred. If the result is less than 1, the land 
use category is avoided. If the result is 1, use of this land category is considered random. 
Box plots were created in Minitab 14 Student Version (Minitab Inc.). Each box plot has a 
reference line on the y-axis at 1. The median for each land use category is identified with 
a symbol. In many of the plots, it appears as though coyotes are avoiding everything. This 
occurs for two reasons. First, there are many small land use areas within each home range 
spreading the data thin. Second, there are some seasons where there are not enough 
observations to compensate for the many, small land use areas making it appear as 
though coyotes are avoiding everything. Figure 10 displays the distribution of points 
collected in each land use category and Figure 11 displays the relationship between the 
individual land use category size and the amount of points found in that category. Figure 
12 displays the distribution of points collected in each land cover category.  
To better test the hypotheses, I have further condensed the data into 2 categories 
calling them Natural and Non-Natural land use types. Combining land use categories 
creates a new preference index for each animal for each new land use category based on 
the amount of added area and the number of added observations. Combining categories 
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increases both the numerator and denominator of the preference fraction since the totals, 
within a seasonal selection, remain the same for the observations and the area. How 
preference changes is based on the proportion of change between observations and area. 
For example, if you add a small area with a high number of observations, preference 
increases. If you add a large area with a low number of observations, preference 
decreases. However, if area increases at the same rate as observations, then preference 
will remain the same. In this case, combining categories provides a clearer view of 
preference in the broad land use classifications. In situations where a coyote did not have 
a land use category within its home range, the data for that land use category was not 
included in the output graph. If an animal does not have a land use category within its 
home range, then it does not have the option to prefer or avoid it, therefore this data is not 
included. Preference for a land use category was only calculated for individuals 
containing that land use in their home range. The number of samples included for each 
land use category in the preference box plots using 14 land use categories is displayed in 
Table 1. Sample size for each land use category used in the box plots displaying 5 
condensed land use categories is n = 32 except for Commercial where n = 31. The sample 
size for each land cover type used in the box plots comparing Deciduous to Evergreen in 
n=32 for Deciduous and n=31 for Evergreen. One coyote did not have Evergreen land 
cover type within its home range.  
To determine land use preference during denning season, I only included females 
that actually whelped and their mates, and only included data from the years in which 
they whelped. This way, I’m only looking at land use preference in animals that were 
actually denning during denning season. This selection within denning season brings the 
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sample size down to n =14 (7 females and 7 males). In the future it may be interesting to 
compare how non-denning individuals behave differently from denning individuals.  
In general, this data is not normally distributed. I used the Kruskal-Wallis non-
parametric ANOVA test to compare the medians of preference between all 14 land use 
categories or between 4 seasons using a significance level of 0.05. However, the 
difference of preference in the comparisons of Natural and Non-Natural land use types 
are distributed relatively normally. I determined this by creating a box plot of the 
difference between these two land use types. There are expected outliers, but the means 
and medians are very similar indicating that the data is mostly normally distributed. To 
statistically test for differences in land use preferences, I use a paired-t test to test the 
difference between 2 categories (Natural vs Non-Natural or Non-Natural in one season 
compared to Non-Natural preference in a different season) using a significance level of 
0.05. I also display the box plots for further explanation.   
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CHAPTER 4 
 
RESULTS 
This sample of 32 coyotes consisted of 19 Males and 13 Females. There were 22 
adults, 2 juveniles, 6 pups and 2 unknown. The average home range size is 31 km2. Males 
maintained larger home ranges than females with a mean of 36 km2 while females 
maintained home ranges with a mean of 24 km2.  Home range land use composition 
varies greatly among individuals depending on the location of the home range. However, 
Figure 13 displays the average of coyote home range land use composition.  
In general, coyotes do not use all patch types equally in proportion to what is 
available with p = 0.000. There is a wide range of preference between and within land use 
categories (Figure 14). The medians range from 0 (Brushland Successional, Very Low 
Density Residential, Cemetery, Urban Public/Institutional, Salt Water Wetland) to 1.49 
(Open Land). In general, coyotes use natural areas more than non-natural areas with p = 
0.001 (Figure 15).  Breeding coyotes also prefer natural areas more than non-natural 
areas during denning season with p = 0.249 (Figure 16). Even though the sample size is 
fairly small with only 14 individuals, they all appear to be doing the same thing during 
denning season. The range is tight indicating little variance among individuals, except for 
the 2 outliers. The medians and means are close to equal also supporting the idea that the 
variance is low.  Figure 17 shows coyote land use preference during denning season for 
all 14 land use categories.  The y-scale is large because there are individuals that 
significantly prefer certain categories. Figures 18 and 19 separate out the denning data by 
females and males respectively. The females have a higher variation in preference than 
males. This may be because they are looking for a place to den.    
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Coyotes, contrary to my predictions, do not prefer non-natural land use areas 
more often in winter than summer p = 0.838 (Figure 20).  The box plots indicate that 
many coyotes in this sample are avoiding non-natural land types during both seasons 
since the means are both less than 1 and both box plots are completely below 1. This is 
not saying that these coyotes are not using non-natural land types since they were found 
in those land use types. It does however say that they are not using them as much in 
relation to what is available. A zero in preference indicates that the animal was never 
found in that land use category even though that land use category exists within the 
animals’ home range. Winter has more zeros shown by the low median. For the mean to 
be essentially the same in winter as summer, then the individuals that are using non-
natural land types during winter are using it more often than summer, giving them a 
higher preference index, in order to bring up the mean. This is saying that more 
individuals had a preference index in summer than winter, but the individuals preferring 
non-natural land types more in winter have higher preference index to make the means 
almost equal. This also means that coyotes have a higher variation in land preference in 
summer because even though there are more individuals using the land type, they are 
using it less often.  Even though the data is not statistically different, the coyotes are 
doing slightly different things during winter than summer.  
Coyotes do not use non-natural land use more often during Off-Tourist Season 
than during Tourist Season with p = 0.334 (Figure 21). The Tourist season box plot lower 
whisker is relatively small indicating that there are less zeros in the data selected for 
Tourist season. Having less zeros, but a small preference index indicates that the animals 
did use the land but not often. The tourist season box plot shows that more than half of 
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the data falls between > 0 and 0.6 meaning that more coyotes are using non-natural land 
categories during Tourist Season, but not often, indicating higher variation in coyote land 
use during Tourist Season. One possible explanation for the overlap in preference, but an 
increase in variation during Tourist Season is that coyotes are trying to do the same thing 
during both seasons, but are being disrupted more often during Tourist season and 
therefore do something a little different.   
Coyotes use non-natural land use more often during the night than during the day 
with p = 0.000 (Figure 22). There is no significant difference in the way in which coyotes 
use Deciduous or Evergreen cover types between natural seasons with p = 0.483 for 
Deciduous cover and p = 0.614 for Evergreen cover (Figures 23 and 24). There is also no 
significant difference in preference between Deciduous and Evergreen land cover types 
during winter (p = 0.186), spring (p = 0.233), summer (p = 0.262), and fall (p = 0.165).  
Coyotes do not use Evergreen land cover types more often in winter/spring than 
summer/fall with p = 0.483 (Figure 25).  
Additional results of the data show that, throughout the length of the study, 56% 
of the coyotes included in this sample died. The two main causes of mortality in this 
sample of coyotes are being shot and hit by automobiles (Figure 26).  The sex ratio of 
individuals that were shot is 2 females and 7 males.  This may be because males tend to 
roam larger distances than females.  Of the 9 coyotes that were shot, 2 were juvenile 
males and 7 were adults. The 2 juveniles were just under 3 years old and almost adults.  
Hunting season in Massachusetts begins Oct 18 and ends March 7 (MassWildlife 2007). 
Figure 27 displays the months in which each coyote was shot. 44% of the coyotes shot 
were shot in February. This may be because February is breeding season and individual 
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coyotes are potentially distracted during this time.  The individual shot in June was 
having seizures and was shot by local authorities.  The sex ratio of individuals hit by cars 
is relatively equal at 3 females and 4 males.  The age distribution of those hit by cars is 4 
adults and 3 pups. Out of the adults, 2 were male and 2 were female. Out of the pups, 2 
were male and one was female.  However, in looking at individual months in which 
coyotes were hit by cars (Figure 28), it is interesting that the adults were hit between 
March and August, and the pups were hit between September and November. The pups 
were 5, 6, and 7 months old when they were hit. This is about the age in which pups 
begin to explore more independently which would explain the time frame in the year in 
which they were hit assuming a birth in May.  However, I do not expect that adults have 
any less reason to get hit during that time than any other time of the year. 
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CHAPTER 5 
 
DISCUSSION 
Long term monitoring of wildlife is key in understanding behavior and identifying 
trends. Data collected over a long period of time reduces variation and aids in identifying 
patterns. Way et al. (2004) conducted a similar study including the first few years of this 
data. However, this dataset now includes 6 more years of data on an additional 24 
coyotes, i.e., samples. I found that in general, coyotes did not use all of the land types 
available within their respective home ranges. The significance in displaying the median 
preference value is to show that some coyotes were not located in a few of the land use 
categories that were represented within their home range (Table 1), which contrasts with 
what Way et al. (2004) found. Out of 32 samples, the actual number of individuals that 
used each land use category is also listed in Table 1. The most extreme example is visible 
in the saltwater wetland category. Twelve individuals did not have saltwater wetland 
within their home range. Of the remaining twenty coyotes, only 1 coyote was located 
within the saltwater wetland category.  This difference in land use by coyotes may be 
caused by the variation in the length of time each coyote spent in the study. The length of 
time in which a coyote was tracked in this study ranged from 3 months to 8.5 years. 
Sampling frequency may also contribute to this variation. For example, very little data 
was collected during 2003.  
Coyotes preferred forest and non-forested wetland the most. The use of open land 
has a median preference of 1 indicating that half of the coyotes in this sample prefer open 
land while the other half avoids open land. Waste Disposal, Golf Course, Cemetery and 
Brushland Successional land use categories have a wide range of preference as well. A 
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few outliers prefer these categories while the majority of the coyotes avoided these 
categories. They did use them, just not as frequently in proportion to what is available. 
These coyotes in general avoided residential areas with two outliers preferring low and 
very low density residential areas. This is consistent with what Way et al. (2004) found, 
as well as Quinn (1997), Riley et al. (2003) and Morey (2004). Figure 29 shows the clear 
avoidance of residential areas. They use it, but not often. Something to keep in mind is 
that I classified the Very Low Density Residential land use category as Open Land in the 
5 land use classification. This is because MassGIS (2009) defines Very Low Density 
Residential as greater than ½ acre lots in rural areas. The two land use categories 
included in this residential classification are Medium and High Density Residential areas.  
Looking at the Commercial land use category, 5 individuals very much prefer 
Commerical, while the rest tend to avoid it. The median is 0.50 indicating that 15 coyotes 
(approximately half of the data since n= 31 for Commercial) have a preference index of 
less than 0.50. The remaining 10 fall between 0.50 and 0.97. The 5 outliers range 
between 2.4 and 6.0 which are very high preferences for Commercial. The total 
preference range is 0.0 to 6.0. This is an example where there is high variation in land use 
preference within a land use category between individual coyotes.  Other variables that 
may effect where an individual animal goes include the age of the animal, the size of the 
animal, the length of time it has been in the general area, if it is alone or traveling with 
others, how dominant the animal is, its overall health condition, its tolerance level for 
human disturbance, as well as others.  
The area of Commercial available within the average home range land use 
composition, it is not very big at 11%. It would not take a much greater number of points 
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to significantly increase the preference index. Smaller areas need less of an increase in 
points to make a greater change in the preference index. In other words, when there is a 
smaller denominator, increasing the numerator of the preference fraction slightly while 
keeping the denominator constant results in a bigger preference change. Adding more 
points to a smaller land use category would increase the preference index at a greater rate 
than adding more points to a larger land use category. Error in telemetry affects the 
preference for smaller land use categories more significantly than preference for the 
larger land use categories. I reduced the possibility of committing a Type I error by 
removing all of the points that fell within 13m of the edge of a land use category. 
However, I also increased the possibility of committing a Type II error by saying an 
animal was not in a given location when it actually was. Committing a Type II error in 
the case of coyote behavior may be significant in that coyotes are known to hunt the 
edges between two land use categories. In an attempt to correct for telemetry error, I may 
be creating error elsewhere. Committing a Type II error in analyzing coyote data may 
have a more significant effect on land use preference than other species that do not use 
edges. I specifically removed all data from the edges making edge comparisons 
impossible in this case. When using telemetry data to determine the edge effects on 
coyote movements or land use preference, correcting for error in telemetry needs to be 
conducted in a different manner. However, telemetry data is notorious for being auto-
correlated since what an animal does next depends on what it just did and where it has 
been in the past. Additionally, researchers using radio telemetry techniques to find 
collared animals go to locations where they expect the animal to be based on behavior in 
the literature and where the animal was in the past. Most telemetry data is not based on 
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random sampling.  Filtering the data not only reduces the risk of committing a Type I 
error, but it also helps to reduce the effects of autocorrelation. With that said, there are 
other methods that could be used to test for animal land use preference or to assign a 
priority to land use categories that take telemetry error into account without removing 
data points. 
 A preference index can be done by using the density of points found within each 
land use category and the density of each land use category within the animal’s home 
range. Density analysis consider the distance each point is from another which puts less 
weight into those that are further away.  Determining the Euclidian distance between 
points in relation to the nearest land use edge can assign a priority to land use categories. 
This also weights points by their distance to the edge of a land use category. This could 
potentially identify land use categories that are more important to coyotes.  
The data that was removed to reduce error was analyzed as well to ensure that the 
dataset used in the analysis was a representative sample of the sample population. Using 
Kruskal-Wallis non-parametric ANOVA, the removed data was compared to the dataset 
analyzed in the thesis as well to all of the data. “All” of the data includes both the data 
used in the thesis to test the hypotheses and the removed data.  To be clear, three datasets 
were statistically assessed; the removed data, the thesis data and all data. There was no 
statistical difference between the three datasets in the Natural land use types with p = 
0.570. There was also no statistical difference between the three datasets in the Non-
Natural land use types with p = 0.066. Using a paired-t test, I also compared the thesis 
data with the removed data, and the thesis data with all data using the preference for the 
Natural and Non-Natural land use types. There was no statistical difference found 
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between the preferences for Natural Land types in the removed data and the thesis data 
with p = 0.597.  There was also no statistical difference found between the preferences 
for Natural Land types in the thesis data and all data with p = 0.183. There was no 
statistical difference found between the preferences for Non-Natural land types in the 
thesis data and the removed data with p = 0.357. There was however statistical difference 
found between the preferences for Non-Natural land types in the thesis data and all data 
with p = 0.022. It makes sense that the p-value will be smaller when comparing the thesis 
data to all data than when comparing the thesis data to the removed data, because the all 
data preferences are calculated with the most observations. Adding the removed data to 
the thesis data increases the number of observations found in each land use category as 
well as the total number of observations, but the total area remains the same. This 
increases the numerator resulting in a higher preference value causing a greater difference 
between the thesis data and all data.  
All of the land use categories were also individually compared between the three 
datasets to better understand the distribution of the data. A significant difference in 
preference between the three datasets was found in the Forest (p = 0.000), Very Low 
Density Residential (p = 0.000), Low Density Residential (p = 0.025), and Water (p = 
0.024) land use categories. There was no significant difference in preference found 
between the three datasets in the Golf Course (p = 0.651), Cemetery (p = 0.627), Open 
Land (p = 0.636), Non-Forested Wetland (p = 0.076), Medium Density Residential (p = 
0.623), Salt Water Wetland (p = 0.999), Commercial (p = 0.629), Waste Disposal (p = 
0.918), Urban Public/Institutional (p = 0.225), and Brushland Successional (p = 0.913) 
land use types. Since there are some significant differences found in some land use 
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categories between the three datasets, it would be beneficial to use other methods 
mentioned earlier to analyze all of the data in order to account for the telemetry error in 
different ways to see if and how the results differ. In future research, this dataset could 
also be used to compare different methods of analysis.  
I was not surprised to see that coyotes prefer natural areas more than non-natural 
areas (Figure 15).  The low outlier in natural land types is the same individual as the high 
outlier in non-natural land types. This individual is doing the exact opposite as all of the 
others. The two outlier coyotes that prefer non-natural areas maintained the same general 
territory location but not together and during different times throughout the study. Both 
of these individuals’ home ranges included a high proportion of saltwater wetland and 
open land as they were located in the north section of the study area including Sandy 
Neck. Coyotes maintaining home ranges around Sandy Neck most likely do not cross the 
salt marsh to get to the mainland, however, this salt marsh is included in their home range 
when using MCPs. This is a possible reason why it appears as though one of these 
animals is significantly avoiding natural land types when 50% of its home range consists 
of salt water wetland, which I reclassified into the natural category. If this were not 
included in its home range, this individual’s preferences would change as the remaining 
land use categories would make up higher proportions of the home range. This is an 
example where using a different method to determine home range might be more 
accurate, such as convex hulls. MCPs are known to err on the larger side, including area 
that may not be used by the animal. Kernel density estimators are another method that 
can be used to determine home range. 
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Denning coyotes prefer natural areas more than non-natural areas during denning 
season (Figure 16). This is expected since coyotes as well as other canids, are known to 
move their pups to another location if they think the den has become unsafe. I expected to 
see some variation indicating a difference in behavior between males and females during 
denning season which is why I divided the data by males and females for all 14 land use 
categories (Figures 18 and 19). There is high variation in female land use preference. 
However, there are only 7 individual coyotes included in this sample. With such a small 
number, a few outliers can cause significant changes. For example, focusing on the 
Cemetery land use category, out of 7 individuals, only 2 significantly prefer it while 2 
avoid it. It is not found in 3 of the coyote’s home ranges making the number of samples 
included in the Cemetery preference n = 4.  6 out of 7 females prefer forest and 5 out of 7 
prefer non-forested wetland. There is only one known sample with more than 1 whelping 
season included in this data. The other samples only include 1 year of data each. The 
years are different, but this may be an indication that some of the females may be 
denning for the first time and therefore may need to gather more information about 
possible denning locations before actually choosing a site.  
It is not surprising that the relationship between non-natural land use preference 
between winter and summer is similar to the preference between off-tourist season and 
tourist season because they represent overlapping times of the year (Figure 20 and 21). 
They both however show an increase in variation between individual coyote preference 
during the seasons with the highest human activity; summer and tourist season. A 
potential explanation is that coyotes are trying to do the same thing during the 
summer/tourist season as they are during the winter/off-tourist season, but need to move 
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often due to increased human disturbance during the summer/tourist season. Increased 
tourist activity aside, regular residents of Cape Cod most likely spend more time outside 
during the summer than during the winter. Therefore, coyotes may be affected by human 
disturbance more frequently in summer than winter while trying to behave in the same 
manner, but then change their plan when confronted with human disturbance. This can 
cause an increase in variation in summer.  
Coyotes, as expected, do prefer non-natural land use types more during the night 
than during the day presumably because they are avoiding humans. However, there is a 
higher variation in land use preference during the night (Figure 22) when humans are 
least active and lower variation in land use preference during the day when humans are 
more active. This is opposite of the results found between winter/off-tourist season and 
summer/tourist season. Based on data discovered by Way et al (2004) that coyotes were 
more active during the night than during the day, the increased variation expressed during 
the night may be the true preferences of coyotes, because they can use these land use 
categories without human interruption. The decrease in land use preference variation 
during the day may simply be because coyotes are less active during the day and using 
less land use categories anyway. I am not sure if the difference in variation between these 
three seasons is statistically significant. However, it is clear that the difference in the 
variation during winter/summer seasons and day/night is a result of human activity.    
The significance of the seasonal results is that coyotes continue to prefer the same 
land use types regardless of human activity, but do move around more often during 
increased human activity.  A reasonable assumption is that they are, not necessarily 
avoiding, but working around us while trying to do their normal thing.   
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Coyotes appear to use Deciduous and Evergreen land cover types equally 
throughout the year. They do not prefer one over the other at anytime during seasonal 
changes in vegetation (Figure 24). This is somewhat to be expected since their thick 
winter undercoats keep them warm in winter while their long guard hairs help to repel 
water off of their coats and aid in thermoregulation.  In my own previous experience in 
working with gray wolves at the Wolf Education and Research Center in Winchester, 
Idaho, I found that when it snowed, the wolves would curl up in a ball in the middle of a 
field and let the snow fall on top of them. The snow acts as insulating blanket. Only their 
nose and pads on their feet have no hair. They tuck their front feet under and wrap their 
noses under their tails. They may use these cover types for other reasons, for example, to 
avoid humans during daytime hours, but not to protect themselves against the weather. 
The only time I would expect this type of preference would be during extreme weather 
conditions such as many consecutive days of freezing rain. However, this phenomenon is 
irregular and therefore identifying a trend in behavioral changes based on weather would 
require a comparison of land cover preference during times of extreme weather. It is also 
then expected that coyotes also use Evergreen land cover equally between winter/spring 
and summer/fall.  
Gehrt (2007) surveyed 9 studies reporting estimated resident coyote home range 
size in urban areas. Excluding this Cape Cod study, the average urbanized coyote’s home 
range is 7.3 km2. Gehrt (2007) suggests that small home range size can be correlated to 
the degree of urbanization within an urban area. He suggests that urban areas consistently 
provide enough food sources in a variety of locations for coyotes to be able to maintain 
small home ranges. Supporting this idea, Numi Mitchell (pers. comm.) found in two 
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scenarios that coyotes on the Islands in Narragansett Bay, RI had significantly smaller 
home ranges when feeding on a non-natural food source. In the first scenario, a farmer 
had been depositing the dead carcasses of his livestock on his property. In the second 
scenario, a private resident was feeding the coyotes to lessen the likelihood of a coyote 
preying on her household cats.  Once these artificial food sources were removed, the 
home ranges expanded.  In urban areas, artificial food sources may be less directly 
identifiable and inconsistent in type and location, but may occur randomly often enough 
to reduce travel for food. This however then suggests that Cape Cod not be included in 
the urban category. Gehrt (2007) reports that his Chicago, Il study area has a land use 
composition of: agriculture (14%), natural habitat (13%), residential (20%), commercial 
(43%), and other (10%). Using the 5 land use reclassification, in contrast, Cape Cod 
study area consists of open land (9%), natural (44%), residential (18%), commercial 
(11%), and water (18%). The amount of forest and commercial land use types is just 
about opposite of that in the Chicago study area. Future research may include creating an 
urban index in order to fairly compare coyote behavior among cities. 
To further understand coyote behavior on Cape Cod, additional selections may 
include all coyote behavior seasons, coyote preference in response to the amount of 
habitat cover available by natural season, or comparing the seasonal preferences included 
in this research by day and night.  There are two main reasons why I think it is important 
to understand what coyotes are doing and where they are doing it in urban areas: 1. To 
help ecologists better understand how coyotes effect the ecological system.  2. To learn 
how coyotes are reacting to humans in order to teach humans how to behave in a manner 
that reduces human/coyote conflict.      
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I believe that humans can teach coyotes how to behave, and that we already have 
been teaching coyotes how they can behave.  In the early 1900’s, wolves dominated the 
eastern United States.  That was a time when man intensely hunted fur bearing species 
including coyotes, as well as a wide array of other wildlife species teaching wildlife to 
fear humans.  However, in last few decades, the way in which humans view wildlife has 
drastically changed.  People now want to protect wildlife species and prevent them from 
being harmed. In the presence of wildlife, people admire them, take their photograph and 
perhaps feed them, but they do not scare them.  The repetition of this behavior towards 
wildlife over the last 50 years has taught some wildlife species that humans need not be 
feared.  Coyotes can come into our yards without consequence.  They can eat our garbage 
without consequence.  Not only do we do nothing, but we actually back away if wildlife 
gets too close for comfort.  Coyotes learn from experience. Ellins, 2005, discovered that 
he could condition coyotes to avoid specific prey species. He laced sheep carcasses with 
a small dose of lithium chloride and water which would have very painful effects on 
anything that scavenged on the carcass, but not lethal. He found that when coyotes 
scavenged on the poisoned meat, they later associated that specific prey species with a 
very painful experience and stop preying on that species. Conditioned prey aversion is a 
learned behavior. Adults then teach their young to avoid that species passing on the 
learned behavior to future generations. Coyotes are teachable.  We, humans, need to 
figure out what it is that we are doing that causes coyotes to behave in a way that 
negatively impacts us and then change that behavior in order to change coyote behavior.  
I want to be clear that when I say change behavior, I am referring to learned behaviors. 
Alcock, 2001, states that behavior results from a combination between genetic and 
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learned behavior.  An example of a genetic behavior is the need to eat. However, where 
to find food is a behavior learned through the process of decision making and weighing 
risks. We cannot stop coyotes from eating, but we can teach them where not to look for 
food.  
In order to understand why coyotes behave the way they do, we also need know 
what humans are doing to make them behave that way. Identifying the variables that 
cause changes in variation may help further explain coyote behaviors in anthropogenic 
environments.  
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CHAPTER 6 
 
THE FIGURES 
 
Figure 1a: Barnstable County Land Use map using the MassGIS 2005 layer 
reclassified into 14 land use categories with all of the coyote data points, major 
roads and railroads. 
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Figure 1b: Left: 100% Minimum Convex Polygon of the study area (in light green) 
defined by all of the points are layered on top of Cape Cod, Ma with the 2005 land 
use symbology reclassified into 14 categories. Right: The clipped study area. 
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Figure 2: Composition of land use within the study area. The categories are 
displayed in the clockwise direction starting with Forest at 43% on the right. 
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Figure 3: clipped study area from the USGS land cover layer. 
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Study Area Land Cover Composition
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Figure 4: Composition of land cover within the study area. The categories are 
displayed in the clockwise direction starting with Open Water at 6% on the top 
right. Deciduous Forest comprises 11 % of the study area. Evergreen Forest 
comprises 12% of the study area 
 
 
Figure 5: Distribution of points per coyote season to determine any bias in collection 
effort. 
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Distribution of Points per Natural Season
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27%
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18%
 
Figure 6: Distribution of points by natural season to determine any bias in collection 
effort. 
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Distribution of Points into Winter and Summer
Winter
54%
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46%
 
Figure 7: Distribution of points into Winter and Summer to determine any bias in 
collection effort. 
 
 
Figure 8: Distribution of points by tourist season to determine any bias in collection 
effort. 
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Figure9: Distribution of points collected during the day and night to determine any 
bias in collection effort. 
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Percentage of Observations Collected in Each Land Use Category
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Figure 10: Distribution of points collected in each land use category over 10 years. 
The total number of data points collected is 7946. The number of points found in 
forest could be determined by multiplying 7946 by 62.23%. This simply tells us 
where coyotes were found. It does not show coyote land use preference as preference 
includes the proportion of available area. 
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Comparison of Area of Land Use to the Number of Points Collected in Each Land Use Category
y = 36.677x - 209.16
R2 = 0.91
-1000
0
1000
2000
3000
4000
5000
6000
0 20 40 60 80 100 120 140
Area of Land Use Categories within Study Area (km2)
# 
o
f P
o
in
ts
 
 
 
 
Figure 112: Comparison of number of points found in each land use category in the 
study area. The x-axis represents the number of points found within each land use 
category. The y-axis represents the associated area (km2) of each land use category 
within the study area. The top right most point represents the points found in the 
Forest class. It is driving the fit of the line and is responsible for the high R2 value. 
The other land use categories are not as clearly correlated to the number points 
found within, which is why the preference index was used. The size of a land use 
category is not a direct factor in coyote land use preference.  
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Number of Points Found in Each Land Cover Category
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Figure 12: Distribution of points found in each land cover category. 
 
 
 46 
Average Land Use Composition within a Coyote's Home Range
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Figure 13: Shows the average home range land use composition out of all 32 coyotes 
using 95% Minimum Convex Polygons. 
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Figure 14: Box plot of coyote land use preference in 14 land use categories using all 
of the data. (An outlier within Urban Public/Institutional with a value of 19 was 
removed in order to decrease the y-axis scale and expand the box plots for better 
view.) 
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Figure 15: This comparison between coyote preference of natural and non-natural 
land use types shows that, in general, coyotes prefer natural land use types and 
avoid non-natural land use types. Only 1 individual appears to avoid natural areas, 
while two individual appears to avoid natural areas, while two individuals prefer 
non-natural areas. 
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Figure 16: Denning coyotes prefer natural land use types over non-natural land use 
types. This data includes only females that whelped and their mates. It also only 
includes data from the years in which they whelped.  The one outlier avoiding 
natural and preferring non-natural land use types is a female. The median and 
mean for natural land type preference are 1.85 and 1.81. The median and mean for 
non-natural land type preference are 0.63 and 0.82.  The interquartile range of the 
natural land type preference is 0.32 while the interquartile range for non-natural 
land type preference is 0.47. 
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Figure 17: The land use preference of whelping mates within 14 land use categories 
during denning season. 
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Figure 18: The land use preference of whelping females within 14 land use 
categories during denning season. 
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Figure 193: The land use preference of males with a whelping mate within 14 land 
use categories during denning season. 
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Figure 20: Comparison of Coyote preference for Non-Natural land use types during 
the summer and winter. The mean and median for preference in summer are 0.62 
and 0.52. The mean and median for preference in winter are 0.59 and 0.44. 
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Figure 21: Comparison of Coyote preference for Non-Natural land use types during 
Off-Tourist and Tourist Seasons. The mean and median for preference during 
Tourist Season are 0.76 and 0.59.  The mean and median for preference during Off-
Tourist Season are 0.61 and 0.47. Tourist season preference has a higher range of 
0.84. Off- tourist season preference has a range of 0.59.  
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Figure 22: Coyote preference for Non-Natural land types during the Day and Night. 
The mean and median for preference during the Day are 0.52 and 0.37. The mean 
and median for preference during the Night are 0.95 and 0.94. 
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Figure 23: Coyote preference for Deciduous land cover type during the seasons of 
winter, spring, summer and fall. 
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Figure 24: Coyote preference for evergreen land cover type during the seasons of 
winter, spring, summer and fall. 
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Figure 25: Comparison of coyote Evergreen land over type during winter and 
spring combined, and summer and fall combined. The median is slightly higher 
during winter/spring indicating that more individuals use Evergreen land cover 
during this time, but the area of the box blots closely overlap indicating that this is 
not a significant difference.  
 
 
 
 
 
 
 
 59 
Comparison of Reasons for Mortality
7
9
2
0
1
2
3
4
5
6
7
8
9
10
Hit Shot Natural Death
Type of Death
N
u
m
be
r 
o
f D
ea
th
s
 
Figure 26: Causes of mortality in this sample. 
 
 
Figure 27: Number of coyotes shot in each month throughout the 10 year sample 
(AM = Adult Male, AF = Adult Female, JM = Juvenile Male) 
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Figure 28: Monthly distribution of when coyotes were hit by cars 
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Figure 294: General land use preference of coyotes condensed into 5 categories. 
 
 
 61 
 
CHAPTER 7 
 
THE TABLES 
Table 1: The second column displays the number of samples included in each land 
use category in the preference index calculation.  The third column displays the 
number of individuals that were not located within the land use category even 
though it was present within the respective home range. The fourth column displays 
the number of individuals that were located at least once within the land use 
category.  
 
Land Use 
Category 
# 
Samples 
# Samples  not 
found in Land Use  
# Samples found at 
least once 
Forest 32 0 32 
Non-Forested  
Wetland 
32 4 28 
Open Land 31 5 26 
Med Density 
Residential 
27 6 21 
Low Density 
Residential 
32 7 25 
Salt Water Wetland 20 19 1 
Commercial 31 12 19 
Waste Disposal 17 6 11 
Water 32 13 19 
Golf Course 22 10 12 
Urban 
Public/Institutional 
29 17 12 
Cemetery 22 15 7 
Very Low Density 
Residential 
32 19 13 
Brushland 
Successional 
26 19 27 
 62 
BIBLIOGRAPHY 
 
 
Alcock, J. (2001). Animal Behavior. Sunderland, Massachusetts: Sinauer Associates, 
INC. 
 
Andelt, W.F. (1985). Behavioral Ecology of Coyotes in South Texas. Wildlife 
Monographs, 49, 1-45 
 
Atwood, Todd, Weeks, Harmon, and Gehring, Thomas. (2004). Spatial Ecology of 
Coyotes Along a Suburban- Rural Gradient. Journal of Wildlife Management, 68, 
1000-1009 
 
Barnstable County Commissioners Office. (2010) The Regional Government of Cape 
Cod, Barnstable County. http://www.barnstablecounty.org/ 
 
Beckoff, M. and Jamieson, R. (1975). Physical Development in Coyotes (Canis latrans) 
with a Comparison to other Canids. Journal of Mammology, 56, 685-692 
 
Beckoff, M. (1978). Coyotes: Biology, Behavior and Management. New York, San 
Fransisco, London: Academic Press. 
 
Beckoff, M. and Wells, M.C. (1980). The Social Ecology of Coyotes. Scientific 
American, 242, 130-148 
 
Crooks, K. E., and Soule, M. E. (1999). Mesopredator release and avifaunal extinctions 
in a fragmented system. Nature, 400, 563-566. 
 
Ellins, Stuart, R. (2005). Living with Coyotes. Austin, Texas: University of Texas Press. 
 
Foster, David R., Motzkin, Glenn, Bernarndos, Debra, and Cardoza, James. (2002). 
Wildlife Dynamics in the Changing New England Landscape. Journal of 
Biogeography, 29, 1337-1357 
 
Gavin, T.A. (1991). Why ask “Why”: The Importance of Evolutionary Biology in 
Wildlife Science. Journal of Wildlife Management, 55,760-766 
 
Gehrt, S.D. and Prange, S.(2006). Response of Skunks to a Simulated Increase in Coyote 
Activity. Journal of Mammology, 88, 1040-1049 
 
Gehrt. S.D. (2007). Ecology of Coyotes in Urban Landscapes. Retrieved from  
http://urbancoyoteresearch.com/UrbanCoyoteGehrt.pdf    
 
 63 
Gese, E.M., Ruff, R.L., and Crabtree, R.L. (1996). Social and Nutritional Factors 
Influencing the Dispersal of Resident Coyotes. Animal Behavior, 52, 1025-1043 
 
Gompper, M.E. (2002). Top Carnivores in the Suburbs? Ecological and Conservation 
Issues Raised by Colonization of Northeastern North America by Coyotes. 
Bioscience, 52, 185-190 
 
Harrison, D.J. (1992). Dispersal Characteristics of Juvenile Coyotes in Maine. Journal of 
Wildlife Management, 56, 128-138 
 
Herrero, Stephen. (2002). Bear Attacks: Their Causes and Avoidance. Guilford, 
Connecticut: The Lyons Press. 
 
Kamler, J.F. and Gipson, P.S. (2000). Space and Habitat Use by Resident and Transient 
Coyotes. Canadian Journal of Zoology, 78, 2106-2111 
 
Kilgo, John C., Labisky, Ronald F., Fritzen, Duane E. (1998).  Influences of Hunting on 
the Behavior of White-Tailed Deer: Implications for Conservation of the Florida 
Panther. Conservation Biology, 12,1359-1364 
 
Manly, B.F.J., McDonald, L.L., Thomas, D.L., McDonald, T.L, Erickson,W.P. (2002).  
Resource Selection by Animals: Statistical Design and Analysis for Field Studies.  
Dordrecht, The Netherlands: Kluwer Academic Publishers 
 
Massachusetts Division of Fisheries and Wildlife. (Updated 9/20/2007) Eastern Coyotes 
in Massachusetts. Natural History Information. Retrieved 2008 from     
http://www.mass.gov/dfwele/dfw/wildlife/living/living_with_coyotes.htm.  
 
Morey, P.S. (2004). Landscape Use and Diet of Coyotes, Canis latrans, in the Chicago 
Metropolitan Area.  M.S. Thesis, Utah State University, Logan.  
 
Morey, S.P., Gese, E.M., and Gehrt, S.D. (2006). Spatial and Temporal Variation in the 
Diet of Coyotes in the Chicago Metropolitan Area. The American Midland 
Naturalist, 158,147-161 
 
Office of Geographic and Environmental Information (MassGIS). (Updated Nov, 17, 
2007).  http://www.mass.gov/mgis/ 
 
Patterson, B.R. and Messier, F. (2001). Social Organization and Space Use of Coyotes in 
Eastern Canada Relative to Prey Distribution and Abundance. Journal of 
Mammology, 82, 463-477 
 
Quinn, T. (1997). Coyote (Canis latrans) Habitat Selection in Urban Areas of Western 
Washington via Analysis of Routine Movements. Northwest Science, 71, 289-297 
 
 64 
Riley, S.P.D., R.M. Souvajot, T.K. Fuller, E.C. York, D.E. Komradt, C. Bromley, and 
R.K. Wayne. (2003). Effects of Urbanization and Habitat Fragmentation on 
Bobcats and Coyotes in Southern California. Conservation Biology, 17, 566-576 
 
Romesburg, C.H. (1981). Wildlife Science: Gaining Reliable Knowledge. Journal of 
Wildlife Management, 45, 293-313 
 
US Census Bureau. (2007) http://www.census.gov/ 
 
Way, J.G. (2000). Ecology of Cape Cod Coyotes. M.S. Thesis, University of 
Connecticut, Storrs, CT. 
 
Way, J.G. (2002). Radiocollared Coyote Crosses Cape Cod Canal. Northeast Wildlife, 
57, 63-65 
 
Way, J.G. (2003). Description and Possible Reasons for an Abnormally Large Group Size 
of Adult Eastern Coyotes Observed During Summer. Northeastern Naturalist, 10, 
335-342 
 
Way, J.G. (2007). A Comparison of Body Mass of Canis latrans (Coyotes) Between 
Eastern and Western North America. Northeastern Naturalist, 14, 111-124 
 
Way, J.G., Ortega, I.M. and Auger, P.J. (2002a). Eastern Coyote Home Range, 
Territoriality, and Sociality on Urbanized Cape Cod. Northeast Wildlife, 57, 1-18 
 
Way, J.G., Ortega, I.M, Auger, P.J. and Strauss, E.G. (2002b). Box-Trapping Eastern 
Coyotes in Southeastern Massachusetts. Wildlife Society Bulletin, 30, 695-702 
 
Way, J.G., Ortega, I.M., Strauss, E.G. (2004). Movement and Activity Patterns of Eastern 
Coyotes In a Coastal, Suburban Environment. Northeastern Naturalist, 11, 237-
254 
 
Way, J.G. and Strauss, E.G. January (2007).  Eastern Coyote Research Proposal for 
Eastern Massachusetts.  Submitted to Massachusetts Department of Fish and 
Game: Division of Fisheries and Wildlife.  
 
